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ABSTRACT OR SUPPORTING INFORMATION

Presentation/Publication Information:
An invited talk to be given by Deepak Srivastava of the Computational Nanotechnology task at the

monthly Silicon Valley Computer Club gathering on 17th March, 1999 at 8, Almandra Lane, Los Altos, CA.
A copy of the presentation is attached.
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Abstract:
An invited talk to review the status of the progress in Nanotechnology, based on publicly available,

already presented and/or publish=d material. The copy of the slides are enclosed. No abstract was required or
submitted for this presentation.
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Review of Carbon Nanotechnology: in context of
Drexler’s Molecutar Nanotechnelogy.

©  Concept: Feynman’s postulate

Q2 Yision: Malecular Assemblers

& Progress in Microtechnology

% Nanotube - Nanomechanics J
NAS

{ Nanotubes are extremely strong highly elastic nanofibers
~ high value of Young meduljus swnt - 1.2 TPa

{3 Dynamic response of nunotubes to ballistic deformation
Xl com pression, hending 2nd torsion
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- cedistribution of steain
~ sharp buckling leading ta bond rupture
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f Nanolube- Nanomechanics |

Energetics of Mechanical Deformaltion
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Nano Mechano—-Chemistry I

O Predictions of enhanced chemical reactivity in regions
of local conformational strains: Kinky Chemistry

Retative Enargy (sV)

Kink on a bent tubule
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| © Mechunism of Strained 1 Unstrained
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Nano Mechano-Chemistry I-l_]'}

SEM imuges of MWNTs dispersed ona V- ridge substrate

(a2) Before Reaction )

(b) Same sample after exposure to nitric acid vapor at room i
temperature

:nhamced chemical reachivity ir regions

vontuilcnal stams: Kieky chemistv,” Do Srivasmava,
i D. i i W Brenner. KDL Ausman M. Feng.
aid RO Ruott sabmemred, ] Phys, €
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[ Nano Mechano-Electronics IJ

ALR
Example: bending and fosion of ami-chair (1),1) nanotube
dending [,
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! Nano Mechano—Electronics 1

O Mechagicai deformaucns alter the Elecironic Charactenstics

of Nanotubes
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Research Focus 1
Carbon based Electronies

Experimental Status

Individual Single Yall Nanotubes as
Quantum Vire

S. J. Tans et. al, Nature (April, 97)

Nanotube Nanodevice — showing localized rectifving
hehavior in the VY charucteristies
. G. Collins e, al., Science {October, 97,

1/V Characteristics and Electronic Structure (DOS)of
structucally nanotubes.

§ Y G Wildoer ot al, Nuture (Januar;, 23i

T, Qdom el al.. Nature 1 january, 8

Single nanotuhe—maolecule Iransistor 3t ronm temp.
S Tanset. ol iNature) « May, M)

Nanostructuring cutting) of nunotubes with STM
L. C. Verema ct.ab, Appl. Phys. Lett. (Nov, 97y
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CxByNz Nanotubes: Nano-Electronics
Nano-mechanics

.

molecular wires

Topological defect mediated

Hetero-junctions ~ switching
transisting
tunneling devices

Nano Mechano—Chemistry
Site-specific chemicat functionalization
Hetero—junctions

Nano Mechano—Electronics

e C nanotubes doped with B and N

Heteroatomic CxByNz nanotubes
Heterojunctions
Superlatiices

’ﬁ Carbon Nanotube Electronics Band Structure,

Betron ot 0 F

Flabie Dleteon tands a 116 3 wons Cherrsd hemde o

Froz s

(.14 tube

Aume ehatic

Otierw i

Bane et

(10,01 tube (5.5) tube

tibes fognr ~ metal ke

oen = 3L sategery et fise

Carbon Nanotube Electronics Band Structure
(basics)

Hexagonal Lanice of a Graphene  First Brillouin zone for an amm— 1
Sheer = (2xunit cell) chair tube. |
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Topological Defect: HeteroJunctions I !

2- point Nanotube Heterojunctions
Molecular Electronic Switches

(10.0) - (6,6)  (9,0-(55) (80 - (.1 (120~ (1L0)

{
Bent Junctions Straight Junctions |

Clhico ¢t. al. Phys. Rev. Lett.. 9%
Charlier et. al. Phys. Rev. B, 96
|Lambine et al. Chem. Phys, Letr., 96 !
Saito er. al. Phys. Rev. B, 96

We studied the effect of capping the tubes aud relaxing the
jusictions with 4 quantiin GTBMD inethod.
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J—terminal "T-tunnel" Junctions of Nanotithes

CxByNz Nanotubes and Junctions l}

3 Band gap engineering over a larger rarge should he

possible:
BN ~335eV
RC, N ~2.0eV
C ~D-leV
BC ~05eV

~ u variety of junctions, quantum duis and
superfattices shauld be possible

~ should be more robust
o Example: Composite (10,0) nanotube
N eV fatom 9.4 eV/atom 0.V7eViaton

%

recons suction dite to

peodae BN Bond

Metal-Semiconductor-Metal

*Y* Tumnel Junction A four-terminul nanotube heterojunction '

"It turns out that all of our proposed junctions satisfy - Generalized

Fuler's Rule about the globul topology of connected networks"

- V. Ccespi. Phys, Rev. {eft, (98)

These arce "ident” junctions and we doat knew how to
make those !

Seine work is in progress to conceptualize and test "real®
junctions.
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; CxByNz Nanotubes and Junctions I1

G B deping of Carbon Nanotube

Random Islanit (BCYY Superlattice tBU)
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phase sepacmivn of dopad and undoped regions is
thermadvaamically stable !

3 BN/C Junctions
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Incerface Energy = 24BNC- BN - C
[nterface Kuergy = 0.33eV/CB bond

Stabite inter faces should be passible !




Nano—mechanics of Composite Nanotubes (8,9)
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Comments:

Proposed “new”nanotechnology materials and devices.

~ multiple nanotube junctions and networks
~ B, N doping, interfaces and tips

Tested feasibilily of "new” concepts:

~ Conformational strain driven mechamical — kinky -
chemistry is certainly a new way to do site specific
renctions on side~walls.

~ feasibility of  storage in nanotube based materinl

Future possibilities are bright:

Mechanical

Chemical Electronic




